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Application Of Noncontact Inductive Sensors For The 
Purpose Of Flexible Thrombolysis Waveguides Acoustic 
Parameters Control 
 
ELECTRICAL AND MAGNETIC SENSORS AND ACTUATORS 
 
INTRODUCTION 
 
Ultrasonic destruction of thrombus is widely used in modern cardiology [1]. For this 
purpose flexible waveguides with the length of more than 500 mm and diameter of the 
effective part not more than 1,8 mm and the resonance frequency 24-30 kHz are used. 
The major destructive mechanisms in this case are cavitation damage, acoustic 
streaming and contact effect on thrombus and thromboembols [2].   
Insufficient vibration amplitude leads to the increase of exertion applied to the 
instrument by the surgeon, which can cause the perforation of the vessel wall. 
Superfluous amplitude leads to the thermal injury and postoperative thrombosis. 
In order to increase the effectiveness of ultrasonic thrombus destruction it is necessary 
to control amplitude and frequency of flexible waveguide vibration, which enables to 
manipulate these parameters and set an optimal mode of functioning.  
 
1 INSTRUMENTATION 
 
A noncontact amplitude and frequency sensor for flexible waveguides vibration 
parameters measurement was developed in Belarusian National Technical University. 
The sensor consists of eight noncontact inductive transducers, four of which are used 
for measuring and the other – for compensational purposes. The sensor registers 
parameters caused by the propagation of ultrasound along the waveguide only and 
does not detect the signal, caused by the displacement of the waveguide in the plane of 
registration. This is caused by the fact that total inductance of four measuring 
transducers equals to zero in any position of the waveguide and the measurement 
signal is caused by the alteration of the waveguide linear dimensions which occurs 
under the influence of the ultrasonic wave.   
As it is known, in rod vibrating systems a functional dependence between amplitudes of 
displacement in different parts of the waveguide exists. Coefficient of the progressive 
wave and the length of the acoustic system elements exert influence upon this 
dependance. These circumstances allow to measure the amplitude and frequency in 
distance from the end of the effective part of the waveguide having graduated It 
previousely. Developed sensor registrates the alteration of the transversal dimensions 
of the waveguide caused by the longitudinal vibrations. Maximum sensitivity can be 
achieved if the sensor is placed in the oscillating loop. 
A chart of the acoustic system with noncontact amplitude and frequency sensor is 
presented in Fig. 1.   
 
 
Fig. 1. Acoustic system with noncontact amplitude and frequency sensor. 
 
As shown on the chart, noncontact inductive transducers are built into the case of the 
thrombus destruction apparatus handle. The acoustic system consists of piezoelectric 
converter hold-down 1, acoustic uncoupling bush 2, connector bracing screw 3, 
waveguide tuner elements 4,5,7, acoustic system case 6, ultrasonic converter 8, 
connector 9, flexible waveguide 10, noncontact sensing element for amplitude and 
frequency sensor 11.  
 
2 RESULTS AND DISCUSSION 
 
System functioning study shows that results of pure longitudal vibration amplitude 
measurement correspond to the amplitude of effective part end displacement. 
Functional dependance between the meterage and the amplitude of effective part end 
displacement during the alteration of the resonance frequency within ± 3 kHz remains 
close to linear.  
The implementation of this system allows to control the frequency parameters of the 
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thrombolysis process. In other words, it allows to organise a feedback channel in the 
“surgeon - patient” system (Fig. 2).  
 
 
Fig. 2. A diagram of the “surgeon - patient” system with a feedback channel 
 
Ultrasonic vibration frequency in case of ultrasonic thrombolysis depends on the 
physical properties of the thrombus material: density, viscosity etc. When the effective 
part of the waveguide contacts the thrombus body, the ultrasound frequency changes, 
which can be detected by the inductive sensor. The signal from the sensor in this case 
obtains higher order harmonics, which can be analysed with the help of a spectrum 
analyzer.  
Similar effects may be observed in case the waveguided is bent. Experiments show  
that if the effective part of the waveguide is bent to an angle not more that 50º the 
amplitude decreases by approximately 30% and the resonance frequency alteres by  
approximately 500 Hz. The amplitude decrease is connected above all with the extra 
energy dissipation in consequence of waveguide material strain.  
Amplitude and frequency of the process can be controlled by the surgeon and changed 
if necessary in accordance to the information from the feedback channel and the quality 
of the whole process can be improved in this way.  
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